). This elongation arrest is transient under normal conditions, where the nascent SecM precursor interacts Kyoto 606-8507 Japan with the SRP-Sec translocation system. In contrast, the arrest is prolonged strikingly in the absence of active export of SecM, due either to a cis defect in its signal sequence or to a trans defect in the Sec machinery.
Identification of the SecM Amino Acid Sequence
several residues in the Phe150-Pro166 segment. Mutations Pro166Ala and Arg163Ala completely abolished the CTABr-precipitability, allowing production of the fullmutation introduced into the Gln167 position were mainly produced as the CTABr-precipitable forms (Figlength Figure 1A, lanes 7-12) . In residues were either completely or almost completely silent. The wild-type Ala residues at positions 142, 148, contrast, the translation arrest was completely abolished by an alanine substitution at this position ( Figure  159 , and 164 were replaced by Ser; only the Ala164Ser mutation caused a significant defect in the translation 1A, lanes 13 and 14). These results suggest that the presence of proline at this position is particularly imporarrest ( Figure 2C , lane 10). From these results, we conclude that Pro166 and tant for the elongation arrest, in agreement with the effect of a proline analog, azetidine (Nakatogawa and Arg163 are essential; Trp155, Ile156, and Gly165 are important; and Phe150, Gly161, Ile162, and Ala164 are Ito, 2001).
partially required for the ability of SecM to arrest translation elongation. The extent of the elongation arrest was C-Terminal Region of SecM Functions within the Ribosome as an Independent examined by pulse-chase experiments ( Figure 2E ). The Phe150 and the Trp155 mutants both converted the Elongation-Arresting Element We speculated previously that the nascent SecM might arrested product into the full-length product more slowly than the Pro166 mutant protein, which produced fullbe folded outside the ribosome into a domain, which could somehow exert a feedback inhibition against the length product from the start ( Figure 2E , compare lanes 4, 7, and 10). It should be noted that not only the substituribosome (Nakatogawa and Ito, 2001). However, we found that a SecM derivative lacking the N-terminal 122 tion mutations but also insertions and deletions of one residue significantly compromised the arrest activity residues remained CTABr precipitable (data not shown). We have shown here that the ribosome can discriminate among certain amino acid sequences as they emerge SecM(121-166)-LacZ␣ more effectively than the plasmid-carried mutations that were expressed in the presfrom the peptidyl transferase center, and this discrimination might occur through interaction between the naence of the chromosomal wild-type rplV ( Figure 4C,  compare lanes 13-18 with lanes 7-12) . scent chain and the exit tunnel. Our mutational studies show that the motif FXXXXWIXXXXGIRAGP is required Colony color observations suggested that, of the remaining 12 mutants, 8 were complemented by the rRNA for efficient elongation arrest of SecM. The fact that the arrest can be overcome by the Sec export implies that plasmid, although we have not determined which of the 7 rRNA operons had the arrest-suppressing mutation physical force can influence the process. If one assumes that this region of polypeptide cannot be folded inside for each case. The remaining 4 mutations are currently under investigation. Thus, the results so far reinforce the the ribosome, the participation of multiple residues would suggest that the arrest is brought about by an conclusion that residues 91 and 93 of L22 are specifically involved in the elongation arrest of SecM.
Ribosomal Protein Mutations that Circumvent Elongation Arrest
accumulation of interactive forces generated between participating residues and ribosomal components. In The A2058 to G alteration (rrlB2058 in this work) was reported previously by Vester and Garrett (1987) as an this scenario, the ribosomal constriction site mutations that alleviate the arrest might do so by decreasing one or erythromycin-resistance mutation. Another erythromycin-resistance mutation, rplV281 (a deletion of Met82-several of the contributing interactions. It is conceivable that the arrest-essential residues near the C-terminal Lys-Arg in L22), has been reported to open the exit tunnel, including the constricted region (Gabashvili et end of SecM interact with other ribosomal residues that are closer to the peptidyl transferase center and that al., 2001). This mutation was found also to alleviate the elongation arrest of SecM(121-166)-LacZ␣ (H.N., unwe failed to isolate suppressor mutations affecting these residues because such alterations compromised essenpublished results). However, our chromosomal L22 mutations at residues 91 and 93 did not confer erythromycin tial translation functions.
On the other hand, if the nascent chain can fold to resistance (H.N., unpublished results). We also examined a published erythromycin-resistant mutant of L4, some extent inside the ribosome (Hardesty and Kramer, 2000), the SecM arrest segment could possibly form but it did not affect the elongation arrest. Incidentally, this L4 mutation has been reported to constrict the tunsome higher order structure, and thus a more complex interaction between the arrest domain and the ribosomal nel even further ( 
